Abstract : In this presentation emphasis has been placed on heterogeneous catalysts where phosphorous is a determining element. These correspond to phosphate based materials as vanadyl pyrophosphate used industrially for the oxidation of butane to maleic anhydride in the 630-670 K, iron phosphates and hydrogeno/hydroxyphosphates for the oxidative dehydrogenation (ODH) of isobutyric acid to methacrylic acid in the 650-680K temperature range, zirconium hydrogenophosphates as layered compounds used to stabilise/entrappe catalytically active compounds as Al, Zr, or Cr, V hydroxy or hydroy-oxy macrocations species used in acid-type reactions as alkane cracking or partial oxidation reactions as ODH of light alkanes, respectively, microporous aluminophosphate molecular sieves (AIPO, MeAPO,EIAPO,..).
INTRODUCTION

Phosphorous
is a key element in many catalyst formulations. In homogeneous catalysis phosphine ligands are well known and largely used world wide. In many cases P is used as additive or promoter as in industial formulations with either a chemical or a structural role. In heterogeneous catalysis majority of catalysts containing appreciable amounts of phosphorus can be divided in two classes: (i) one is composed of inorganic phosphates and hydrogeno/hydroxy-phosphates as alumino phosphates used as acid catalyst in the early 60ies or as a support, vanadyl pyrophosphate, zirconium hydrogeno phosphates and iron hydrogeno/hydroxyor meta-phosphates and (ii) the second one is formed of molecular structures as heteropolyoxometallates (not considered here) and molecular sieves of the AIPO4 family. VANADYL 
PYROPHOSPHATE
This catalyst is certainly one of the most fascinating materials in the sense that it is able to catalyse selectively several hydrocarbons, whereas usually catalysts are much more specific to a given reaction. Its great interest resides in its ability to oxidise a rather inert alkane as n-butane to maleic anhydride an important intermediate for resins, rather specifically with an industrial yield better than 60% at 620-650 K. Many reviews have appeared in the last decade about such material (e.g. ref 1) ,while huge scientific and experimental works have been performed to optimise the preparation, activation and catalytic conditions and to understand its peculiar properties 2-10.More recently, such a material was also shown to oxidise n-pentane into both maleic and phthalic anhydrides, two very valuable chemicals. It was also shown in presence of water in the feed to even oxidise propane to acrylic acid and, if supported on TiO2 support, to oxidise ethane to acetic acid. Unfortunately, the yields in the acid was too low to any industrial application. However this emphasizes the fascinating catalytic properties if such phosphate material.
The optimal preparation organic route consists in activating in a 1 to 2 % butane in air flow at the reaction temperature the hemihydrate precursor (VOHPO4, 0.5H2O, prepared in a solution starting from V2O5 reduced at reflux in isobutanol).
The activated catalyst, designated usually VPO, is majoritarily composed of the vanadyl pyrophosphate phase ((VO)2P2O7) as shown by XRD and molecular spectroscopies such as Raman and FT IR), the (100) plane being suggested to be the active and selective plane 8 Moreover, in order to improve catalytic activity and, overall to maintain activity by limiting the deactivation with time on stream, it was shown that the use of large amounts of water in the feed was necessary. A typical gas feed composition was: IBA / O2 I H2O / N2 = 6 / 4 / 72 / 18 kPa. From the whole study, it was suggested26.27that the redox process and the role of water could be represented for a given compound as shown below:
Fe23+ Fe2+ (PO3OH)4 + (x/4)O2 ---->Fe2+x3+ Fe1-x2+ (PO3OH)4-x (PO4)x + (1/2) H2O FIGURE 3. Arrangements of FeO6 octahedra in trimeric clusters separated one from the other by pyrophosphate groups: a: alpha b: beta forms of Fe3(P2O7)2; grey circles, Fe2+ black circles, Fe3+
The reaction was then proposed to proceed according to the mechanism schematised below, which involves the abstraction of 2 H atoms of the IBA molecule by phosphate groups of the catalyst resulting in the formation of hydroxyphosphate groups:
Fe2+x3+ Fe1-X2+ (PO3OH)4-x(PO4)x + y IBA ----> Fe2+x-2y3+ Fe1-x+2y2+(PO3OH) 4 -x+2y(PO4) x-2y y MAA This redox process was shown to hold true for the whole hydroxyphosphate series, in particular for a same solid solution represented in fig.4 It appears clearly that VPO is the best catalyst followed by CrPO4 and Cr/alpha ZrP while all other catalysts, including exchanged ones, are quite poor. Here too, if one considres the cristanite structure of these phosphates, on can conclude that the arrangements of vanadyl and chromyl groups within the bulk phosphate material is determining for their catalytic properties in partial oxidation reactions with respect to the bulk oxides. Table 2 . Catalytic results for supported and bulk Cr and V phosphates and oxides in ODH of ethane at 623 K with C2 H6 : O2 : N2 = 6 : 3 : 91 and 100 mg catalysts.
ALUM NO PHOSPHATES
This represents another important family in Catalysis. In the early 60ies the AlPO4 material was used as an acid catalyst in many reactions as catalytic cracking. It has been widely replaced by more performing catalysts. It was also used as an acid support for many metals and studied mainly in Cordoba in Spain by the group of Professor Marinas. In the late 70ies, early 80ies the Researchers of Union Carbide, under the guidance if Edith Flanigen 34.35 , at Tarrytown realised that aluminophosphate resembles in many respects silica (cristobalite structure). As silica is the base of a large and important family of molecular sieves, namely the zeolites, they prepare materials of similar structures and they did succeed in synthesising a very large variety of even new structure. It was even possible to replace P first and then Al from the structure by other elements such as Si or metallic ion, such as Co,Mn,.. creating the new families of EIAPO and MeAPO, which exhibit acidic and redox properties (e.g., Si replacing P may result in the addition of protons for charge balance). Note that one material, SAPO-34 (S for Si), with an erionite structure, may be used industrially in a near future for the conversion of methanol to C2 and C3 olefins. Such a reaction, designated as MTO (methanol to olefins) is of great importance and was mainly studied on strongly dealuminated mordenite and SAPO-34. It necessitates not a too strong acidity (to avoid deactivation by "coking" due to carbonaceous residue deposit) and limited pore size. Plcnty of other examples may be given, for which metallic phosphates have been studied for their potentialities in heterogeneous catalysis. It is not our purpose to present all of them. We may cite the use of Cu Nasicon-type phosphates, such as Cu11M2(PO4) with M = Zr, Sn or Ti and n = 1 or 0.5 36-39, the use of Zr3(PO4)4 as a support for instance dfor NiMo catalysts for hydrodesulfurisation reaction or the use of Mg phosphates for the N-alkylation of aniline with methanol 41.
